Objective: To develop and validate a prognostic scoring scheme for the prediction of microalbuminuria in type 2 diabetic patients of Thai descent. Methods: The clinical information from type 2 diabetic patients who were treated at community hospitals was used to develop a prediction model (derivation set). The model evaluated at a tertiary hospital (validation set). A stepwise logistic regression model was used to identify the independent risk variables from the derivation set and a simple point scoring system was derived from the beta-coefficients. The risk scoring scheme was validated by the validation set. Results: The risk scoring scheme is based on six risk predictors: the duration of diabetes, age at the onset of diabetes, systolic blood pressure, low density lipoprotein levels, creatinine levels, and alcohol consumption. The total score ranged from 0 to 11.5. The likelihood of microalbuminuria in patients with low risk (scores ≤ 2) was 0.28, with moderate risk (scores 2.5 to 5.5) was 0.86, and high risk (scores ≥ 6) was 7.36. The area under the ROC curve of the derivation set and validation set were 0.768 (95% CI 0.73 -0.81) and 0.758 (95% CI 0.70 -0.80), respectively. Conclusion: Our scoring system is a simple and reasonably accurate method for predicting the future presence of microalbuminuria in type 2 diabetic patients.
INTRODUCTION
Microalbuminuria is an early predictor of the renal, cardiovascular and retinopathy complications of diabetes [1] [2] [3] [4] [5] . The American Diabetes Association (ADA) recommends that a standard screening test for microalbuminuria should be used at diagnosis and at least yearly thereafter in type 2 diabetes [6] . Previous studies reported that there were only 2.1% of diabetes patients in the Mid-Atlantic region population of privately insured individuals received a microalbuminuria test [7] . In Thailand, around 41.0% of type 2 diabetes patients in tertiary care units were not screened for microalbuminuria [8] .
There are two methods now readily available for microalbuminuria diagnosis. Firstly, urinary concentrations of very small amounts of albumin can be determined quantitatively, this method usually involves radioimmunoassay which has high sensitivity and specificity but quite expensive and the most of the primary care units in Thailand have a least performance for this method in screening tests for microalbuminuria. Secondly, qualitative methods can be used to screen for microalbuminuria; these are more readily available for use in the clinic, less complicated and cheaper than quantitative assessments but they are also less accurate and less specific [9] . Both methods required three urine specimens collection within twelve months period and obtained on different days. If two out of three are positive then the patient still has microalbuminuria and only one or none out of the three are positive then the microalbuminuria has regressed [6] . These are not convenient for patients and they may be unable or unwilling to have the test performed.
We found no study that has been conducted to assess the predictive value of a combination of the risk factors for microalbuminuria. The risk of developing microalbuminuria in type 2 diabetes depends on several deter-
METHODS
We conducted a case-control study analogue design in 4 diabetes clinics in Thailand, including 3 units in community hospitals, and 1 unit in tertiary hospital. Data from type 2 diabetes patients who had undergone treatment at community hospitals were used to develop a prediction model; the subjects represented "the derivation set". Data from type 2 diabetes patients who had undergone treatment at tertiary hospital were used to evaluate the performance of the model obtained from the derivation set of subjects; they represented "the validation set". The study was approved by the Ethical Review Committee for Research in Human subjects of the Thai Ministry of Public Health and the Bangkok Metropolitan Medical College and Vajira Hospital.
Study Population
Eligible subjects of the derivation set were type 2 diabetic patients aged ≥18 years and without a history of nephropathy and/or renal failure who attended the outpatient at diabetes clinic of each hospital between January and December 2009. 225 type 2 diabetic subjects with microalbuminuria were cases group and 225 type 2 diabetic subjects with normoalbuminuria were controls group diagnosed by radioimmunoassay or Micral test. The sample size was calculated based on ability of the study to determine risk factors of microalbuminuria type 2 diabetes [13] . The authors expected 80% power to detect microalbuminuria with 95% confident interval based on logistic regression result of fitting a logistic regression model [14] .
The validation set were type 2 diabetic patients aged ≥ 18 years and without a history of nephropathy and/or renal failure who attended the outpatient at diabetes clinic of tertiary hospital between January and December 2008. The subjects who had not laboratory information in the medical record or the database of diabetes clinic were excluded from the study. 116 diabetic subjects with microalbuminuria were cases group and 116 diabetic subjects with normoalbuminuria were controls group.
Data Collection
Medical history information of the derivation set was retrieved from the databases and medical records of the diabetes clinics and baseline characteristics were collected by interview. The patients were thoroughly informed and signed a consent form.
For the validation set, both baseline characteristics and medical history information were retrieved from the databases and medical records.
Clinical characteristic were composed of age, gender, occupational, education, duration of diabetes, diabetes complications, treatment privilege, family history of diabetes, systolic and diastolic blood pressure, body weight, body height, history of hypertension, alcohol drinking and smoking. Laboratory data were composed of microalbuminuria, lipid profile, creatinine, fasting blood sugar (FBS), and HbA1c levels. Clinical laboratory investigations were done in each hospital.
Definition
Type 2 diabetes mellitus is defined as previously diagnosed diabetes. The presence of microalbuminuria was proteinuria range from 30 -299 µg/mg diagnosed from radioimmunoassay in at least two of three urine specimens collected or a positive test results two of three urine specimens collected by Micral test. The diagnoses of cardiovascular diseases, dislipidemia, and hypertension were based on clinical diagnosis documented in medical records.
Statistical Analysis
Univariate analysis was used to identify the association between independent factors and microalbuminuria.
Stepwise logistic regressions were used to define associated factors with microalbuminuria in type 2 diabetes after adjusting for covariate factors. Regression coefficients were transformed into item scores and added up to a total score [15] . The factor of microalbuminuria was analyzed using total scores as the only predictor.
The scoring scheme accuracy was present with an area under the receiver operating characteristic (ROC) curve. The risk scoring scheme was validated with the validation set. Another independent set of microalbuminuria cases referred from the tertiary hospital were also evaluated for risk scores. Age, HbA1c, FBS, high-density lipoproteins (HDL-C), triglyceride, history of ischemic heart disease (IHD), history of dislipidemia and history of hypertension were not significantly different ( Table 1) .
The independent variables with probability values lower than 0.10 were chosen for enter into the multivariable regression model, although drug treatment were not chosen include the model. The continuous variables were displayed by a graph that carries out a locally weighted regression of microalbuminuria on each independent variable. We then categorized cutoff levels of each continuous variable and considered the statistical significance of the trend of odds.
The stepwise logistic regression analysis was used for identifying independent risk factors for microalbuminuria. Probability values lower than 0.05 were decided. Six risk predictors were selected due to microalbuminuria. These risk predictors were duration of diabetes, age at onset of diabetes, systolic blood pressure, creatinine, LDL-C and alcohol drinking. Assignment of score point was based on the corresponding regression coefficients. The regression coefficients were transformed by dividing with the smallest coefficients in the model (0.56) and then rounding to the nearest 0.5 to obtain item scores. After item scores were summed up to total scores, they ranged from 0 to 11.5 ( Table 2) .
When using total scores as the only predictors in the logistic model, the scoring scheme explanined 76.8% of the proability of the presence of microalbuminuria (p-Value 0.363) demonstrated by the area under the ROC curve (Figure 1) . When the total scores were categorized into three levels; low risk (scores ≤ 2), moderate risk (scores 2.5 -5.5) and high risk (scores ≥ 6) in Table 3 . 30.67% of the controls group were in low risk level, 64.44% in moderate risk and 4.89% in high risk. In cases groups, the percentage were 8.44%, 55.56% and 36.00%, respectively. The Likelihood Ratio (LR) indicated that type 2 diabetes subjects in the low risk level and high risk were respectively 0.28 and 7.36 times more likely to present with micoralbuminuria (Table 3) .
Validation of Scoring Scheme
The validation set was comprised of 232 type 2 diabetes patients. When we compare this dataset with the derivation set, the two sets are different in various characteristics ( Table 4) .
The scoring scheme was applied to the validation set; it successfully distinguished subjects according to risk of microalbuminuria. Subjects with higher scores had an increased probability of the presence of microalbuminuria ( Table 5 
DISCUSSION
Risk factors of microalbuminuria in type 2 diabetes in these findings are consistent with prior reports [16] [17] [18] [19] [20] . Duration of diabetes, age at onset of diabetes, systolic blood pressure, LDL-C, creatinine and alcohol drinking were independent predictors of microalbuminuria and were included in the scoring scheme. We present a relatively simple point scoring scheme for calculating the risk of microalbuminuria in type 2 diabetes. The scores were derived from a stepwise logistic regression model calculated from case control studies. The performance of the risk scoring scheme between derivation and validation set had statistical significance (p-Value < 0.001). Although because of the subject's data in the derivation set was draw from the general hospital that the most of patients were not complicates. The scoring for microalbuminuria in this group had more in the moderate level. Whereas in the validation set used the data of patients who's received treatment in the tertiary hospital. The patients were complicated more than in general hospital. The risk score for predict microalbuminuria in the validation set were more in the high level.
The score was able to separate those who had the development of microalbuminuria and those who had normoalbuminuria. The total scores were categorized into three levels of occur proability of microalbuminuria; low level (scores ≤ 2), moderate level (scores 2.5 -5.5) and high level (scores ≥ 6) as shown in Figure 2 . The risk score performs moderately well at predicting microalbuminuria in type 2 diabetes, with an area under the ROC of 76.89%. The risk score appears to be a simple and effective tool for identification of those at risk of developing microalbuminuria using routinely collected biochemical information from patient records. We recommend that type 2 diabetes with risk scores less than or equal 2 and risk scores between 2.5 to 5.5 should be followed for progressing risks every 12 and 6 months respectively; these are the routine follow up times. Risk scores higher than five should be confirmed with a standard test before starting the treatment.
This study has several limitations. Firstly, our study design used case-control studies that had the possibility of recall bias. In the future, this score will need to be developed and validated in other prospective cohorts. Secondly, the validation set was small because of our limited study time and budget. The size of the sample should be increased next time. Thirdly, these scores were collected from both general and tertiary hospitals in Thai people. The results may not be generalizable to type 2 diabetes patients in all setting, especially those in primary care unit. Lastly, we developed a risk score to predict microalbuminuria in Thai type 2 diabetic patients. It is noteworthy that risk scores derived from one population may not adequately predict the event risk in other populations especially who not Asian peoples because have different incidences of the events of interest and demographics data.
CONCLUSION
A risk prediction score for microalbuminuria was developed in Thai type 2 diabetes patients. This score was fairly predictive for future microalbuminuria and may be more feasible than mass type 2 diabetes population screening with biochemical tests in defining target populations for prevention program.
